We analyse the B → Kπ decays using the factorisation model with final state interaction phase shift included. For a typical value of the weak angle γ ≃ 70 • , corresponding to ρ = 0.12, η = 0.34, the factorisation model seems to describe qualitatively the latest CLEO data, with a preferred value for the phase difference δ in the range 40 • − 70 • and a corresponding large CPasymmetry. For a determination of γ, we find that the sums of the branching ratios for B − and forB 0 , respectively, are independent of δ and depend only on γ. For a more precise test of the factorisation model, we derive a relation for the branching ratios independent of the strength of the strong penguin interactions. This relation gives a value of (0.64 +0.7 −0.6 )×10 −5 for B(B 0 →K 0 π 0 ) somewhat smaller than the CLEO value.
One of the possibilities offered by the B → Kπ decays is the determination of the CPviolating phase γ, one of the angles in the (db) unitary triangle of the Cabibbo-Kobayashi-Maskawa (CKM) quark mixing matrix in the standard model [1] . Infact the large branching ratio(B) for B → Kπ as observed by the CLEO Collaboration [2] indicate that the penguin interactions contribute a major part to the decay rates and provide an interference between the Cabibbo-suppressed tree and penguin contribution resulting in a CP-asymmetry between the B → Kπ and its charge conjugate mode. The CP-averaged decay rates can also depend on the phase γ and give us a determination of this phase once a reliable description of the B → Kπ decays could be established [3, 4] . With the latest measurement by the CLEO Collaboration [2] , we have now the branching ratios for all the B → Kπ decay modes. In particular, theB 0 →K 0 π 0 mode is found to have a large branching ratio of (1.48 +5.9+2.4 −5.1−3.3 ) × 10 −5 compared with a branching ratio in the range (0.5 − 0.74) × 10 −5 for γ = 64 • in the factorisation model [5, 6] . The predicted values for other modes are, however, more or less in agreement with experiment. As the effective Hamiltonian for B → Kπ decays is well established with the short-distance Wilson coefficients for tree and penguin operators now given at the next-to-leading logarithms(NLL) QCD radiactive corrections [7] [8] [9] , the most important theoretical uncertainties would probably come from final state interaction (FSI) effects and long-distance matrix elements obtained with the factorisation model. If FSI effects can be absorbed into the two ∆I = 1/2 and ∆I = 3/2 rescattering phases δ 1 and δ 3 , respectively, then a test of factorisation could be made in terms of relations among the branching ratios independent of the rescattering phase-shifts. As will be shown in the following, we find that the sum of the branching ratios B(B − → K − π 0 )+B(B − →K 0 π − ) and B(B 0 → K − π + )+B(B 0 →K 0 π 0 ) are independent of the FSI rescattering phase. We also find
independent of the strong penguin contributions and give an essentially model-independent prediction for B(B 0 →K 0 π 0 ) in terms of the other measured branching ratios. Thus if factorisation model is found to describe well all these decays, then the above relations can be used to determine the weak angle γ.
In the standard model, the effective Hamiltonian for B → Kπ decays are given by [7] [8] [9] ,
where the local operators O i and their Wilson coefficients c i defined at the scale µ = m b are given in [9] . The tree level operators O 1 and O 2 as well as the electroweak penguin operators have only I = 0 terms. The B → Kπ decay amplitudes can now be expressed in terms of the decay amplitudes into I = 1/2 and I = 3/2 final states as [5] ,
where A 1 is the sum of the the strong penguin The factorisation approximation is obtained by neglecting in the Hamiltonian terms which are the product of two color-octet operators after Fierz reordering of the quark fields.
The effective Hamiltonian for non-leptonic decays are then given by Eq.(1) with c j replaced by a j and O j expressed in terms of hadronic field operators. In the notation of Ref. [5] , we have
where
for π ±,0 final states, respectively, N c is the number of effective colors and a j are given by a j = c j + c j+1 /N c for j = 1, 3, 5, 7, 9 a j = c j + c j−1 /N c for j = 2, 4, 6, 8, 10 .
These effective coefficients a j have the following numerical values, for m b = 4.88 GeV, N c = 3:
In the absence of FSI rescattering phases, we recover the usual expressions for the decay amplitudes in the factorisation approximation. The coefficients c j defined at the scale µ = m b are given to the next-to-leading order in QCD radiative corrections in [7] [8] [9] and will be used in our analysis. We note that the coeffcients c 3 , c 4 , c 5 and c 6 are enhanced by the internal charm quark loop due to the large time-like virtual gluon momentum q 2 = m 2 b /2 as pointed out in [3] . This enhancement of the strong penguin term, as can be seen below, increases the decay rates and bring the theoretical B → Kπ decay rates closer to the latest CLEO measurements. In the above expressions, the tree level amplitudes are suppressed relative to the penguin terms by the CKM factor V ub V * us /V tb V * ts which can be approximated by (|V ub |/|V cb |) × (|V cd |/|V ud |) exp(i γ) after neglecting terms of the order O(λ 5 ) in the (bs) unitarity triangle. The B → Kπ decay rates then depend on the FSI rescattering phase difference δ = δ 3 − δ 1 and the weak phase γ . In the following, we shall use the set of parameters of [6, 10] As can be seen from Fig.1, all 
Also from Fig.1 , we could see that a value for δ in the range (40 − 70) • is favored by the CLEO data. The computed decay rates shown above could be larger with the form factors given in [11] and could bring the B → Kπ decay rates much closer to the latest CLEO data.
The CP-asymmetries, plotted against δ as shown in Fig.2 ., are given by
where Γ is the decay rate. The predicted absolute CP-asymmetry |A CP | for the B → Kπ decay modes are in the range 0.15 − 0.3 for the preferred values of δ in the range (40 − 70) • mentioned above and are comparable with the latest CLEO measurements [12] which give an CP-asymmetry in the range of ±0.12 to ±0.25.
We now turn to the test of factorisation in B → Kπ decays. The decay rates into a Kπ final state is given by
where the subscripts Kπ refers to any of the decay modes for B − andB 0 and C is the usual phase space factor. By summing over the decay modes for B − and forB 0 respectively, we have in terms of A 1 , B 1 and B 3 ,
The quantities Γ B − and Γ B 0 are independent of the rescattering phase difference δ.
They are given in the factorisation model as a function of the weak phase γ. In other heavy quark decays, for example in two-body hadronic D decays, where there are no visible CP-violation, test of the factorisation model can be performed in terms of the phase-shift independent quantities as done previously [13] . For B → Kπ decays considered here, the partial rates Γ B − and Γ B 0 would now lie between the upper and lower limit corresponding to cos(γ) = 1 and cos(γ) = −1, respectively. As shown in Fig.3 , where the corresponding partial branching ratios(CP-averaged) for Γ B − and ΓB0 are plotted against the weak phase γ, factorisation model values seem somewhat smaller than the CLEO central values by about 20 − 30%. However, from Fig.3 , B B − > BB0 while the data gives B B − < BB0 by a small amount which could be due to a large measuredB 0 →K 0 π 0 decay rates. A more precise test and a determination of γ must await further measurements.
Since the four B → Kπ decay rates depend on only three amplitudes A 1 , B 1 and B 3 , it is possible to derive a relation between the decay rates independent of A 1 .
From the following quantities,
where C 1 = 4 3 C and C 2 = 2 3 C, we obtain
where τ B 0 is the B 0 lifetime. From Eq.(12), we see that ∆ is independent of A 1 and hence is independent of the strong penguin terms and can be evaluated in terms of electroweak penguins and tree level terms. As can be seen from Fig.3 we can see the value for ∆ obtained from factorization model is ten times lower than the CLEO value [2] , which gives a central value of (1.68 × 10 −5 ). Conversely, from Eq.(12), we have
where r = For another test of factorisation and a determination of γ we have derived a relation in the form of a ratio which is independent of the form factors and the CKM parameters. It is given by the ratio R of the two CP-averaged quantities as
Numerically, we find that terms proportional to cos(δ) and sin(δ) in R is of the order 10 −8 and thus can be safely ignored. Thus R is a function of γ alone and can be used to determine γ as it does not suffer from the uncertainties in the form factors and in the CKM parameters.
In Fig.4 we give a plot of R as a function of γ. As can be seen, the value R = (0.80 ± 0.25) obtained with the CLEO data indicates that the angle γ should be in the range (60 − 80) • .
We note that we have also considered a possible contribution from inelastic rescattering effects as an additional small absorptive contribution A i to A 1 from D D * s and other intermediate states to the S-matrix unitarity relation. We find that the variation of Γ B − and Γ B 0 as a function of A i , for a typical value γ = 70 • , is negligible. For this reason, we have set A in = 0. Also, since the theoretical values for the decay rates shown above show qualitative agreement with the measured values, the strong penguin terms with enhancement by the internal c-quark loop seem to produce sufficient decay rates, a large dispersive inelastic contribution would not be needed in B → Kπ decays.
In conclusion, factorisation with enhancement of the strong penguin contribution seems to describe qualitatively the B → Kπ decays. Further measurements will enable us to have a more precise test of factorisation and a determination of the weak angle γ from the FSI phase-independent relations we shown above. As B − →K − π 0 ,As B − →K 0 π − , AsB0 →K − π + , AsB0 →K 0 π 0 , respectively. 
